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Abstract 
The development of smart grid technology acts as new brain to the power generation and distribution network. Through this 
technology, the network is not only going to get integrated and turn communicable all over the country but also the demand will 
be monitored by the control centers and at peak time the usage of electricity is going to cost higher than the nominal rate with 
intimation given to the customer through sms and mail. Hence it’s time for the consumers to act smart or else they will end up 
receiving highly billed statements. This project presents an idea of having a power hub which has control over all the loads 
individually. The hub detects the peak time demand and reduces the load usage by switching off unwanted loads with a priority 
that is being set by the consumer based on game theory’s algorithm which schedules load usage by creating several possible 
schedule vector for consumers such that demand is never raised. This could be done both individually and among multiple users 
of a community or area. The power hub can also monitor our energy usage and creates an order of importance among the loads, 
thus providing intelligence to the consumers. 
© 2015 The Authors.Published by Elsevier Ltd. 
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1. Introduction 
In electrified parts of the world, a simple switch brings lights and luxury of other gadgets and appliances to life. 
This seemingly simple luxury requires a complex network, technically called Power grid, covering generation, 
transmission and consumption end. This network comprises of generation plants, transmission lines, and 
transformers. Communication between these entities is much complicated. This task is attempted efficiently by 
Smart grid. It actually doesn’t specify any scale and it ranges from single chain to a power network of entire country  
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The power transmission from the power plant to an individual’s house is carried via a series of transformers and 
adjusted, often manually, to deal with fluctuations in demand capacity. Managing this network in a more responsive  
and efficient way is the goal of the smart grid. The emerging smart grid is the future generation “energy network”. 
This is attained by improving the conventional electrical grid network to be more responsible in terms of 
Information and communications technology (ICT), and in particular, wireless communications will be integrated 
into the power grid to enable automation, active operation, and efficient demand response, load and energy 
management in the smart grid. Smart grid is the most convene of information technology, communications, and 
power system engineering to provide a more conditioned and potent power system.  These features enable utilities to 
accurately predict, monitor and control the electricity flows throughout the grid. The smart grid supports bi- 
directional communication to facilitate real-time metering of customers. It also permits the utility to control 
consumer loads so as to maintain the system parameters within safer limits. The existing smart grid technology is 
shown in Fig.1 (a). 
 
 
(a) 
 
 
(b) 
 
Fig.  1 (a) Block diagram of existing smart grid system (b) Block diagram of proposed smart grid system 
 
 
Fig 1. (a) explains that the smart meter acts as two way communicator between the consumer and the utility. 
The utility (represented as control block in the diagram) sends the tariff to the consumer and gets the user’s profile 
of power usage through smart meter. The smart grid uses computer technology to improve the communication, 
automation, and connectivity of the various components of the power network. This improves distribution by 
relaying information from consumers to the generation plants. One key element to this system is the installation of 
smart meters at homes and commercials. Unlike the traditional analogue meters, these digital devices are capable of 
two-way communication. They provide relaying information about both supply and demand between producers and 
consumers. The data possessed via smart meters is essential to function as a smart grid. By analyzing this data, 
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power generation plants are able to predict and respond to periods of peak demand smartly. This allows them to 
reduce production when less power is needed and quickly ramp up generation when peak periods approach. By 
harnessing the power of computers, communications, and data analysis technologies, the smart grid improves the 
flexibility and efficiency of the traditional grid and opens up new opportunities for more intermittent generation 
methods like wind and solar, and new stresses to the network like the electric vehicle. 
Moving to the consuming side, consumers use a predictable amount of power, called the base-load. At certain 
period, the grid needs to handle an extra amount of energy production in case of any usage spikes that happen. For 
instant, the demand for electricity is typically highest in the afternoon and early evening, as well as during the 
summer time when air conditioners run day and night. When millions of customers turn on their air conditioners 
after work, it increases the demand load on the grid. When the grid couldn’t handle the demand power it will be shut 
off in some regions to reduce the demands. If the power is knocked out, we probably don't pay much attention to 
how often we turn on a light or the television or what time of day we do it. 
2. Demand Response 
Demand response can be defined as the changes in electricity usage by end-use customers from their normal 
consumption patterns in response to changes in the price of electricity over time. Further, DR can be also defined as 
the incentive payments designed to induce lower electricity use at times of high wholesale market prices or when 
system reliability is jeopardized [1]. DR includes all intentional electricity consumption pattern modifications by 
end-use customers who are intended to alter the timing, level instantaneous demand, or total electricity consumption 
[2].There are three general actions by which a customer response can be achieved [3]. Each of these actions involves 
cost and measures taken by the customer. First, customers can reduce their electricity usage during critical peak 
periods when prices are high without changing their consumption pattern during other periods. This option involves 
a temporary loss of comfort. This response is achieved, for instance, when thermostat settings of heaters or air 
conditioners are temporary changed [4, 5]. Secondly, customers may respond to high electricity prices by shifting 
some of their peak demand operations to off-peak periods, as an example, they shift some household activities (e.g., 
dishwashers, pool pumps) to off-peak periods[6,7,8].  
 
 
 
In this proposed paper, before going into the detailed description, an idea about the demand response is necessary 
which will make the reader more comfortable to understand the overall idea about the proposed approach. The 
proposed block diagram of smart grid technology is shown in Fig.1 (b). In Fig. 1 (b), the controller block considered 
to be our power hub is added to the consumer side in the existing smart grid system. By reading the demand time 
from the utility through smart meter, the controller changes the usage profile of the consumer accordingly. By 
creating a track of responses regularly, the controller chooses the best time for each appliance to be operated in a 
day such that minimum usage occurs at demand time. The smart grid adds two-way communication and power 
flows to today’s power grid, enabling the provision of dynamic electricity pricing to end users, thereby facilitating 
DR. On the other hand, in Emergency DR Programs, participating customers are paid incentives for measured load 
reductions during emergency conditions [15]. Furthermore, Capacity Market Programs are offered to customers who 
can commit in providing the pre-specified load reductions when system contingencies arise. Participants usually 
receive a day-ahead notice of events and are given penalty if they do not respond to calls for load reduction. The 
ultimate objective of these programs is to flatten the demand curve by offering a high price during peak periods and 
lower prices during off-peak periods. 
 
3. Proposed Design 
 
Consider a situation that involves a utility company and several residential consumers. The utility company first 
estimates the electricity demand for next hours and sets the price for different hours. Then, the utility company 
advertises these prices to the customers over the supporting digital communication network. Then, each user 
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optimizes its energy consumption by adopting the best scheduling for its appliances based on this received price 
information from the utility company. 
The methodology is based on dominance game played by the user. It is divided into two categories. The first part 
includes the utility side tariff generation. Based on demand developed by the entire unit of consumers, the utility 
generates various tariff for different hours in day. This is given as day ahead schedule to the user. The user now has 
the choice to modify the load profile distributed towards the hour where the tariff is low or he can utilize most of his 
loads in non-peak hours. By using this algorithm and being optimized, it is always possible that user’s next day 
ahead schedule will be updated with more number of hours consisting minimum rate for consumption. At start, Let 
us consider three houses (consumers) and a load profile of four hours. The load profile for different user is assumed 
and stimulated which is given in Fig 2. (a) 
 
 
 
Fig. 2. (a) Simulated Load profile of 3 houses for four hours 
 
 
 
Fig. 2. (b) Simulated Tariff using MATLAB for three houses for four hours. 
 
To calculate the tariff generated by the utility, assume the number of users under a utility is N. For every user n € N, 
Total load of the day is given in equation (1)  
   
ܮ݄ ൌ σ ݈݄݊݊߳ܰ                                                                                                                                    (1) 
 
The daily peak and average load are calculated using equations (2) and (3) 
 
ܮ݌݁ܽ݇ ൌ ݄אܪ ܮ݄                                                                                                                         (2) 
 
ܮ݄ ൌ
ͳ
ܪ σ ܮ݄݄אܪ                                                                                                                                (3) 
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The Peak-to-Average ratio can be given as 
 
ܲܣܴ ൌ ܮ݌݁ܽ݇ܮܽݒ݃ ൌ
ܪ݉ܽݔ ݄אܪܮ݄
σ ܮ݄݄߳ܪ
                                                                                                               (4) 
Here randomly 3 users with four hours of load profile randomly is generated using Mat lab coding. Then day-
ahead schedule is created by utility. The graph in Fig 2(b) shows different tariff according to each load profile for 
different home users.At first the user’s strategy is stored as scheduling vector and the pay-off of the respective 
schedule is calculated. Then winning strategy is found and it is compared against other strategies repeatedly. The 
winning strategy is found from normal schedule using the following algorithm:  
 
x Get appliances’ schedule for n hours (here n=4). For each appliance a €A, we define an energy 
consumption scheduling vector using equation (5) 
 
ܺ݊ ǡܽ ൌ ሾݔ݊ ǡܽͳ ǡǥǥ Ǥ ǡ ݔ݊ ǡܽܪ ሿ  (5) 
 
x  The load of the user n is computed using equation (6) 
 
݈݄݊ ൌ σ ݔ݊ ǡ݄ܽܽ߳ܣ݊ ǡ ݄߳ܪ  (6) 
 
x Determine the minimum load usage hours of the individual house. 
x Schedule the appliances’ vector to this hours and store it as winning strategy. 
x Add load profile for small unit of houses (h=3). 
x Determine the time the minimum value of the load profile which gives minimum power usage. 
x Reschedule the appliances’ vector to the determined minimum usage hour. 
x The obtained vector is stored as user’s strategy. 
x The vector with winning strategy is compared by using equation (7) 
 
ݑ݅ሺݏ݅כǡ ݏറെ݅כ ሻ ൐ ݑ݅ሺݏ݅ ǡ ݏԦെ݅כ ሻǡ׊ݏ݅ א ݅ܵ  (7) 
 
x Update the winning strategy with obtained vector if later dominates.   
 
The hardware is done considering single house’s loads and assuming the load profile of other houses. The proposed 
design consists of a microcontroller unit connected to the relay circuit. The relay circuit is connected to port B of the 
controller unit. The other end of the relay is connected to the load. In this case for the demo purpose, three lamp 
loads are used for real time loads and various demand tariff models(assumption) from the utility are given as direct 
inputs (Demand_1 and Demand_2). Following algorithm is followed to keep the load intact and also it keeps the 
energy price and demand in control. 
 
x Demand raise is detected. In this case an input will be given to the controller as raise in demand. New 
scheduling vector is formed according to the demand.   
x When this input is given, the controller chooses the loads to be changed from its present state according to 
the new vector.  
x The microcontroller triggers the corresponding NPN transistor.  
x The relay coil is energized once the transistor is triggered. 
x Now the relay switches off/on the particular load. 
x Again the demand is checked. The controller tries to turn off/on another load and the process is repeated 
until the demand reduces to the minimum level and this vector is saved and being run. The status of the 
load and the demand time is always displayed in the LCD such that the load which is switched off lastly by 
relay circuit could also be identified by the user. 
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4. Simulation and Results 
The utility pay-offs which is simulated in MATLAB are represented below. The result obtained is the final 
iterated winning strategy for each individual user. The former results shown in Table 1 represent the vector 
scheduled prices and total cost of the house for four hours before the game theory’s dominant strategy being applied 
and later results in Table 2 represent the same after the algorithm is implemented. It is evident from the two tables 
that the total cost for first two houses is reduced and for the third house it is maintained at minimum  
 
Table 1.Vector Schedule of three houses for four hours with cost (in rupees) before the game theory is applied. 
Before Hr1 Hr2 Hr3 Hr4 Cost 
H1 0 100 0 43 143 
H2 0 100 0 75 175 
H3 0 43 0 43 86 
Table 2.Vector Schedule of three houses for four hours with cost (in rupees) after the game theory is applied. 
After Hr1 Hr2 Hr3 Hr4 Cost 
H1 0 0 43 43 86 
H2 0 100 62 75 137 
H3 0 43 0 43 86 
 
 
The hardware of the proposed design is simulated in Proteus pro 8 and the results are obtained. Results represent demand 
condition where a load is being switched off automatically by the controller to reduce the demand. The process 
repeats until the total cost of the house becomes minimum and retains the vector until the input tariff changes from 
the utility side. 
5. Conclusion 
In this paper, the automated demand response controller is designed which controls the residential load 
according to the demand response. With emerging smart appliances, the power hub at home will lead to the concept 
of machine to machine communication at domestic level which can eventually make a smart home. Think of a 
situation where the house-hold appliances can talk with each other and decides the best way of working to provide a 
best outcome to the boss. On making every consumer to be smart, there exist energy saving and minimum resource 
utilization and thus keeping environment and nature always safe and available at best for next the generations to 
come. It is expected that in the future, electricity companies will start charging a fluctuating electricity price that is 
related to the real production cost. This is a form of demand side management, because as soon as these dynamic 
pricing schemes are applied, users will try to benefit from the cheapest prices and avoid peak prices, supported by 
current possibilities in electronics. A complete elaboration, by means of a payoff table, was done for a simple 
example. However, the remarks made in this paper show that it is still a huge challenge to model a game that is fair 
and that allows to put a value on energy usage preferences, together with an accompanying algorithm that is 
guaranteed to converge to a (unique) equilibrium, preferable with the lowest possible peak-to-average ratio and 
lowest possible energy cost. 
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